Effects of deoxynivalenol (DON) on growth performance and immune responses, and the efficiency of DON degradation enzyme (DDE) in mule ducks were investigated. A total of 140 mule ducklings was equally assigned to treatment groups of control (no DON, no DDE), toxin 1 (5 ppm DON, no DDE), toxin 2 (10 ppm DON, no DDE), trial 1 (5 ppm DON, 1.5 kg/ton DDE), trial 2 (5 ppm DON, 2.5 kg/ton DDE), trial 3 (10 ppm DON, 1.5 kg/ton DDE), and trial 4 (10 ppm DON, 2.5 kg/ton DDE). There were no significant differences in total feed intake, body weight gain, and feed efficiency among treatment groups. However, the 5 ppm DON alone, 5 ppm +1.5 kg/ton DDE, and 10 ppm +1.5 kg/ton DDE groups resulted in a significant higher heart, liver and pancreas weight than those of control group. Pathological lesions in visceral organ and blood biochemistry parameters alteration were observed in mule ducks of all the DON treatment groups. DON challenge also decreased number of macrophages harvesting from each duck, and a slight improvement could even be seen if DDE 2.5 kg/ton were added, as compared with control group. These results suggest that DON exhibited multiple-toxic characteristics, in terms of hepatotoxicity, cardiotoxicity, and immunotoxicity in ducks. The addition of DDE at 1.5 or 2.5 kg/ton in diet have revealed a toxic-sparing effects in blood biochemistry parameters and immune functions.
INTRODUCTION
Deoxynivalenol (DON, vomitoxin) is a mycotoxin of the type B trichothecenes, which are epoxy-sesquiterpenoids, found predominantly in grains such as wheat, barley and maize (Creppy, 2002) .
Feeding trials with DON have demonstrated that poultry can tolerate up to 5 ppm dietary DON without deleterious effects (Trenholm et al., 1984) . Moran et al. (1982) indicated that maize contaminated with Fusarium graminearum and containing 800 to 900 ppm DON was subsitituted for control maize at 0-24% in a broiler ration, affected little on growth performance until the substitution exceeded 12% (116 ppm DON). Male Leghorn chickens fed diets containing up to 18 ppm DON to 35 day of age (Kubena et al., 1985) exhibited decrease haemoglobin and haematocrit levels. Administration of extremely high dose of 140-1120 ppm of DON to broiler chickens, however, caused symptoms including gasping, lethargy, dropping of the wings and head from normal upright position, loss of balance and death with 14 h (Huff et al., 1981) . Post-mortem examination of the birds revealed ecchymotic haemorrhages throughout the gastrointestinal tract, liver, and necrotic lesions of the gizzard lining. Studies on feeding laying hens and growing chickens with contaminated maize showed that a level of 2-3 ppm DON did not produce any adverse effects on performance and the safe level of DON should be increased from 0.5 to 2-3 ppm for poultry feed has been suggested (Muirhead, 1992) . DON degradation enzyme (DDE) was fermentated from rumen microorganism, Eubacterium strain, which exhibits epoxidase, esterase, and deacetylation activity (Binder et al., 2000) .
There were no available reference of duck-related research of DON challenge, and duck industry is an important poultry meat resource in Asia. The objective of this experiment was to investigate the growth performance, blood biochemical indices, and immune response of ducks, as affected by the different concentrations of DON added in diets, and the toxic alleviating effects of a kind of DDE.
MATERIAL AND METHODS

Animals and experimental design
A total of 140 one-day-old mule ducklings (Anas platyrhynchos × Cairina moschata) were obtained from a commercial hatchery and randomly assigned to seven dietary treatments. Birds were raised in electrically heated brooders with 10 ducklings per pen, 2 pens per treatment. Natural substrate contaminated with DON concentration of 1.5 g/kg, were incorporated into mash-form feeds as proportional as different treatments. The treatment groups were : control group (no DON, no DDE), toxin group 1 (5 ppm DON, no DDE), toxin group 2 (10 ppm DON, no DDE), trial group 1 (5 ppm DON, 1.5 kg/ton DDE), trial group 2 (5 ppm DON, 2.5 kg/ton DDE), trial group 3 (10 ppm DON, 1.5 kg/ton DDE), and trial group 4 (10 ppm DON, 2.5 kg/ton DDE).
The basal diet (Table 1) is primarily based on maize and soyabean meal, and was formulated according to Duck Nutrient Requirement Manual compiled by National Taiwan University (Shen, 1988) . During the experiment, feed and water were provided ad libitum through the 3-week experimental period, and ducklings were daily observed for clinical signs. Birds were provided with 2 m 2 of slotted floor space per pen with one drinker and hopper type feeder. Ambient temperature were kept between 22 to 30°C. All experiments were conducted at animal testing farm, and the animal care and use were approved by National I-Lan University Experimental Animal Committee. Body weight gain, feed intake, and feed conversion by groups were recorded weekly through the experiment. Mortality was recorded whenever occurred. 10; niacin, 50; biotin, 0.1; folic acid, 0.5; choline, 300; Mn, 50; Zn, 60; Cu, 10; Se, 0.15; Fe, 80 At the end of the experiment, ducklings were sacrificed by cervical dislocation; relative weights of heart, liver, spleen and pancreas of four ducklings were obtained from each pen.
Growth performance
The body weights as well as feed intake of the ducks were monitored weekly, and body weigh gain, feed intake, and feed utilization efficiency were calculated. Mortality was recorded and the percentage was calculated after the end of the study.
Macrophage chemotaxis and phagocytosis
Phagocytotic assay follows a method described by Cheng et al. (2002) . Briefly, the macrophage coverslip cultures were incubated with 2 ml of Candida albican suspension (1×10 7 ml) in complete medium. After 60 min of incubation, the coverslips were washed with sterile saline, fixed in methanol, and then stained with May-Grunwald-Giemsa stain. The percentages of phagocytotic macrophages and average number of internalized Candida albican per phagocytotic macrophage were determined by scoring stained coverslip cultures under microscope at 1000×magnification. A total of 200 macrophages were scored per coverslip from each treatment of six ducks.
Blood biochemical parameters and antibody titers
Ducklings were vaccinated subcutaneously with 0.5 ml of killed fowl cholera (FC) vaccine at three-day old, and booster in 2 weeks of age. Blood samples were taken weekly from four randomly selected ducklings for each treatment by cardiac puncture. A commercial test kit (IDEXX, MAINE, USA) was used to determine antibody titers of FC. Blood biochemical parameters were measured in serum samples obtained from four three-week-old ducklings per treatment. Serum was prepared from blood samples collected by cardiac puncture, and underwent a centrifugation of 2654×g for 10 min. Total bilirubin, aspartate aminotransferase (AST, EC 2.6.1.1), alanine aminotransferase (ALT, EC 2.6.1.2 ), and creatine kinase (CK, EC 2.7.3.2) were subsequently determined by automatic clinical chemistry analyser (Roche, Cobus-MiraPlus, Roche Diagnostic System Inc., USA).
Examination of visceral pathology
The heart, liver, spleen and pancreas were fixed in 10% neutral formalin and embedded in paraffin. Sections were stained with haematoxylin and eosin (H&E), and the sections were examined the histopathology alterations under light microscopy.
Statistical analysis
Data were analysed using the General Linear Models procedure (SAS, 1988) . The antibody titer was subjected to logarithmic transformation prior to analysis of variance. Differences between treatments means were determined by Duncan's new multiple range test.
RESULTS
No mortality was recorded throughout the duplicate experiments. In our pilot study results revealed that DDE were incorporated up to 2.5 kg/ton in feeds did not altered growth performance and immune functions in mule ducks after 3 weeks feeding. Since, we focus on the DON toxicities and DDE benefit effects in this study. Effect of DON on growth performance in three weeks of age of mule ducks was summarized in Table 2 . No significance differences were found in total feed intake, body weight gain, and feed efficiency among treatment groups. A tendency of declining feed intake was observed in the treatment of 10 ppm DON plus 1.5 kg/ton or 2.5 kg/ton DDE. The results also revealed that mule ducks showed a high tolerance to DON challenge at a level of 10 ppm. In relative visceral organ weight, DON treatment and DDE addition did not alter the relative spleen weight. On the other hand, the 5 ppm DON alone, 5 ppm +1.5 kg/ton DDE, 10 ppm +1.5 kg/ton DDE groups resulted in a significant higher heart, liver and pancreas weight than control group (Table 3) . These results can not specify the toxicity of DON on these organs, and no gross pathological lesions of visceral organ were observed in autopsy and only hypertrophy was evident. However, histopathological evidence indicated that there were different extent of vacuolization, pyknosis in hepatocytes (Figure 1) , congestion or hyperaemia, and the blood vessels dilatation can be seen in focal area of heart (Figure 2 ). Cardiac muscle degeneration and necrosis were observed, and striation disappear were also noticed (Figure 3) . Table 4 summarized effect of DON on some parameters of serum biochemistry in mule ducks. Both of DON 5 ppm+2.5 kg/ton DDE and control groups had the lowest total bilirubin, and DON 10 ppm+1.5 kg/ton DDE showed the highest level of total bilirubin. In aspartate aminotransferase (AST) assay, DON 10 ppm challenge, resulted the highest enzyme activity in serum, even through DDE at 1.5 and 2.5 kg/ton addition could not counteract this detrimental effect. This finding coincided with the histopathological outcome which revealed the hepatoxicity characteristics of DON. There was no significant difference among treatment groups of alanine aminotransferase (ALT) activity. However, creatine kinase (CK) activity showed the highest activity in DON 10 ppm, 5 ppm+1.5 kg/ton DDE, and 10 ppm+1.5 kg/ton DDE treatemnt. Effect of DON on peritoneal macrophage functions in three weeks of age of mule ducks is showed in Table 5 . It is interesting to note that DON challenge groups decreased number of macrophages harvesting from each duck, and an improvement can even be seen if DDE at 2.5 kg/ton was added, as compared with control group. Similar results also observed in number of phagocytic macrophages. These result confirmed that DDE 1.5 or 2.5 kg/ton can increase chemotaxis and phagocytic percentage which potentially hampered by DON. Meanwhile, there was no significant difference in number of Candida albican phagocytized by each macrophage.
There was no significance in antibody titers after fowl cholera challenge during 0 and 2 weeks of age as the effect of DON (Table 6 ). In the third week of age, DON 10 ppm group significant decreased the FC antibody production, and DDE 1.5 or 2.5% addition gave a benefit effects which elevate antibody titer as compared with control group. 
DISCUSSSION
In our results of growth performance, lack of significant difference in feed intake and efficiency among treatments might result from lower birds repetition (2 repetitions in each treatment). However, tendency of feed intake decreased were observed as effect of DON supplementing. It is known that poultry are much less sensitive than pigs to DON, since levels as high as 8 ppm in feeds had not been associated with impaired productivity (Hamilton, 1986) . Rapidly growing broilers are generally more sensitive than laying hens to feed refusal (Huff et al., 1986) . Feeding 75 ppm dietary DON to turkey poults from 7-14 day of age had no significant effect on feed consumption or growth rate (McMillian and Moran, 1985) . In another trial, feeding a diet containing 4.4 ppm DON to one day-old poults exert no effect on performance or mortality (Manley et al., 1988) .
Trichothecene mycotoxin, like DON, 12,13-epoxide ring responsible for binding protein synthesis at the translational level by binding at the large ribosomal subunit and subsequent inhibition of the inherent peptidyltransferase (Feinberg and McLaughlin, 1989) . Since, the cells or tissues with higher protein turnover rates will be susceptible to DON. The DDE is a feed additive with adsorbing properties and epoxidase activities, which blocking epoxidase metabolites formation after DON metabolism in vivo. Epoxide metabolites of DON were account for binding ribosomal subunit (Pasteiner, 1988) .
Based on the histological and blood biochemistry findings, it is proposed that the DON is a chemical of hepatotoxicity and cardiotoxicity in mule ducks. Trichothecenes, as DON cause histopathological lesion including cellular necrosis and karyorrhexis in actively dividing tissues of the intestinal mucosa, bone marrow, spleen, testis and ovary in experimental animals (Ciegler, 1978) . Therefore, macrophages, lymphocytes, and erythrocytes may be decreased with prolonged exposure to trichothecenes. Haemolysis is also expected to be observed (Segal et al., 1983) .
Blood plasma parameters might be used for an additional estimation of toxic effects on live birds. It is assumed that elevated activities of serum enzymes such as AST, ALT and total bilirubin might indicate recent organ damage (Cheng et al., 2001) . In the studies of Kubena et al. (1988) , there were no any effects observed on blood serum enzymes in chickens fed up to 16 ppm DON feed. This difference maybe due to different animal species and the duration of DON challenge. However, our results showed that AST and CK activities were increased after DON exposure for 3 weeks in mule ducks. In histopathology observations also confirmed liver and heart muscle damages occurs (Figures 1-3 ), due to AST and CK often used to be a liver and heart trauma index.
Macrophages play crucial regulatory and effector roles in the immune system. Because macrophage function can be altered by a variety of stimulatory or suppressive signals, they are potential targets for feed and environmental toxicants (Cheng et al., 2002) .
In macrophage functions evaluation, our results showed that DON was potentially harmful to bioactivities of macrophages. Similar results were also noticed by Muller et al. (1999) , who reported that different trichothecenes (DON and T-2 toxin) combined to decrease the percentage of monocyte phagocytosis and increase percentage of PMN apoptosis in weaner pig. DON was observed to attenuate the immune response causing the restriction of the phagocytic and microbicidal activity of macrophages (Johannisson et al., 1999) . Our results also revealed that nonspecific defense system will be hampered in mule ducks after DON challenge, and elevate the risk of pathogenic infection and disease breakout in the field.
Determination of serum titers to significant pathogens or vaccine after routine vaccination is a methodology, used to evaluate host immunocompetence effects of mycotoxins in vivo. Some reports indicated that DON was found to cause a dramatic elevation in total serum IgA in mice with concurrent decreases in total IgM and IgG (Forsell et al., 1986; Pestka et al., 1989) . Although our data demonstrated that DON 10 ppm did not change the level of antibody response after exposure for 2 weeks. However, the Ig production was decreased at the 3rd week, and consequently might be resulted in increasing susceptibility to pathogenic agents in ducks. Harvey et al. (1991) report demonstrated that NDV (Newcastle disease) antibody titers was decreased after feeding a DON-contaminated diet (18 mg/kg) to growing chickens for 18 weeks. Moreover, Danicke et al. (2002) indicated a significant decrease in NDV titers in hens fed on a Fusarium-contaminated feeds. Similar results were also observed that NDV titers were decreased after fed diets with up to DON 14 mg/kg to broilers (Danicke et al., 2003) . Our outcomes coincide with Danicke et al. (2003) who stated approximately 10 ppm of DON per kg was the lowest limiting levels negatively affected antibody response. Results showed that there were no counteract effects in FC titers by DDE addition at 5 and 10 ppm DON concentrations in the present study.
CONCLUSIONS
In conclusion, DON at 5 or 10 ppm did not alter the growth performance of mule ducks at 3 weeks of age. However, DON exhibited multiple-toxic characteristics, such as hepatotoxicity, cardiotoxicity, and immunotoxicity in ducks which were confirmed by histopathology, biochemistry and macrophage/antibody evaluation. Consumption of DON up to 10 ppm did not cause overt clinical symptom. However, due to the sensitivity of the immune system to mycotoxin-induced immunosuppression arises from the stored cereal grains, and the most frequently found toxins were DON, T-2 toxin, and zearalenone in feeds. Therefore, it is necessary to monitoring the levels of mycotoxins in the grains from time to time. Our results also demonstrated that addition of DDE at 1.5 or 2.5 kg/ton in diet have revealed a toxic-sparing effects in blood biochemistry parameters and macrophage functions.
